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Abstract. Numerous studies that demonstrate the direct relation between oxidative stress and diseases 
development have been accumulated in the last years. Experimentally, in the oxidative stress state, the raising of 
the concentration of products resulted from oxidative degradation of lipids, proteins and nucleic acids have been 
notice, along with the decreasing of the enzymatic and nonenzymatic antioxidants activity. The literature shows 
a special interest on antioxidants characteristics of various vitamins and provitamines, especially carotenoids. 
The present paper consist in a comparative study regarding the antioxidant activity of oxygenized 
carotenoids, with both normal and retro type structure (canthaxanthin and rhodoxanthin)  and also in making 
evident the possible differences that could appear in this activity according to the structure. The oxidative stress 
state was evaluated in liver and skin using specific markers.  
Canthaxanthin and rhodoxanthin administration positively influence the oxidative stress markers at 
cellular level. The carotenoids administration influences differently the activity of antioxidant enzymes in 
analysed tissues: canthaxanthin activates these enzymes at skin level while rhodoxanthin activates them at 
hepatic level. The antioxidant effect it's more obvious in the case of canthaxanthin, this pigment demonstrates a 
higher protecting effect on lipids compared with rhodoxanthin. 
 
 
INTRODUCTION 
 
 In the recent years, many studies that demonstrate the direct relation between reactive 
oxygen species (ROS) accumulation, oxidative stress, and diseases development accumulated 
[1-7].   
 The antioxidant function of the carotenoid pigments is of special interest in the 
literature. Many of the researches regarding the antioxidant function, realized on biological 
systems, proved that both the hydrocarburic carotenoids and the xanthophylls, or even the 
apocarotenoids, function as antioxidants. 
 The discovery, by Krinsky in 1968, that the carotenoid pigments can inactivate the 
singlet state of the oxygen (1O2), represented an important step for understanding their 
efficacy in prevention of oxidative damage of various tissues in photo biological systems [8].  
The ability of carotenoid pigments to “extinguish” the singlet oxygen is provided by the 
number of conjugated double bounds in their structure. DiMascio and col. (1992) 
demonstrated that the lycopene has a capacity of inactivating the singlet oxygen ten times 
greater than β−carotene [9].  
 The carotenoids from different animal tissues interact with oxygen reactive species 
such as: peroxide radicals, hydroxyl radicals, alcoxyl radicals, and superoxide radical [10].  
 Many researches regarding the carotenoid pigments proved that both the hydrocarburic 
carotenoids (α-carotene, β-carotene, lycopene, γ-carotene) and the xanthophylls (lutein, 
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zeaxanthin, astaxanthin, canthaxantin) or even apocarotenoids function as antitumoral factors. 
In the beginning the studies focused on the antitumoral effect of β-carotene, but now the 
xanthophylls are more studied. Numerous studies (epidemiological, in vitro or in vivo) proved 
the antioxidant/antitumoral capacities of asthaxantin and canthaxantin .  
 In 1989, Terao and col. (cited by Palozza and Krinsky, 1992) demonstrated that a tide 
relationship exists between the carotenoids structure and their antioxidant activity, comparing 
the way in which the β-carotene, the canthaxantin, the asthaxantin, and the zeaxanthin inhibit 
the formation of methyl-linoleate hydro peroxides. Their experiment lead to the conclusion 
that the antioxidant activity of canthaxantin and asthaxantin is more powerful and of longer 
standing than those of β-carotene and zeaxantin, probably due to the presence in their 
molecule of conjugated kenotic groups [11]. 
  In 1991 Mikki (cited by Sarkar and col., 1995) also proved the positive influent ion of 
the conjugated kenotic groups on the antioxidant activity, comparatively studying the β-
carotene, the luthein, the zeaxantin, the asthaxantin, and the canthaxantin. His studies showed 
that the asthaxantin and the canthaxantin better protect against the lipid peroxidation than the 
rest of the studied carotenoids.  
 Rhodoxanthin represents a less studied carotenoid pigment, information about this 
pigment being scarce. Chemically, it belongs to the xanthophylls group, along with the 
canthaxantin and asthaxantin, but it has a retro type polyenic system.  
 
O
O
 
 
 Taxus baccata and Potamogeton natans are the only plants in Romania rich in 
carotenoid pigments with retro type polyenic system: rhodoxantin, esoltxantin, and 
esoltxantona. Although considered a toxic plant, Taxus baccata (Taxaceae family), contains 
in its shoots a substance named taxol, used with very good results in the treatment of ovarian 
cancer. The plant leaves can be used internally for asthmatic bronchitis and indigestion 
treatments, and externally in the rheumatism treatment, as infusion. The fruits are red, 
gelatinous, 10 mm in diameter, and contained only one seed. This fruits are rich in 
carotenoids, especially with retro structure, but also in lycopine and zeaxantin, carotenoids 
that first have been described by a group of Romanian researchers [12].  
The antioxidant function of canthaxanthin was certifies by differet studies but the 
biological functions of rhodoxanthin haven`t been studied before.  The objectives of this 
project consist in a comparative study regarding the antioxidant activity of oxygenized 
carotenoids, with both normal (canthaxanthin) and retro type structure (rhodoxanthin), and 
also in making evident the possible differences that could appear in this activity according to 
the structure.  
 
MATERIAL AND METHOD 
 
 Experimental procedure: Experiments were applied on mice divided in 3 groups: 
control group (C) which contains mice fed with normal diet; canthaxanthin group (CX - diet 
rich in canthaxanthin) and rhodoxanthin group (RX -  diet rich in rhodoxanthin).                  
 Daily dietary intake was similar for all groups. For group II  (CX) and group III (RX) 
diet was supplemented with carotenoids dissolved in soy beans oil (40 µg / body weight /day)  
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during 15 weeks.  The animals was sacrificed and liver and  skin were collected in order to 
determinate the activities of antioxidant enzymes, proteins content and the oxidation of lipids. 
 
Biochemical determination: Liver and skin were weighed and washed with cold 
potassium phosphate buffer (pH = 7,4) and protein extracts was obtained using potassium 
phosphate buffer (pH = 7,35). The activities of catalase, SOD and lipids oxidation were 
estimated in this protein extract. Also, in protein extracts the content of total protein was 
measured using a photometric method based on biuret test [13, 14]. 
 Catalase activity (expressed as catalasic number / Ncat) was determined using a classic 
permanganometric method and the  SOD activity was evaluated using a NBT method [15]. 
 The level of lipid peroxides was determined by measuring the production of 
thiobarbituric reactive substances (TBARS), according to the method of Buege and Aust [16]. 
Results were expressed as µmoles malonildialdehide (MDA) per milligram of protein and per 
g-wet tissues and were calculated using an average absorption of 1,56 x 105 M-1 cm –1/24.  
 
RESULTS AND DISCUSSIONS 
 
 The liver acts a main role in the organism's energetic metabolism and in the 
detoxification mechanism. In this organ have place energetically actions and the biosynthesis 
processes of many bio molecules  that are strictly necessary to the cellular life as well as to 
the degradation of many of the structural and functional components. As a result of its 
physiological functions, the exchange of some constituents between the liver and blood are 
very numerous, fact that allows the output of diverse investigations. From this point of view, 
Ludwing called the liver "the central laboratory of the organism".  
 The results obtained after the analysis of antioxidant enzymes (SOD, catalase) and of 
the lipide peroxides level (expressed trough the MDA concentration) in protein extracts 
obtained from liver and skin are presented in chart 1 and 2. So that we can express as correct 
as possible the results, in these extracts we also dosed the total protein, so that in the end the 
enzymatic activity was reported to 1mg of protein and to 1 gram of tissue. All the results 
represent the average of the output determinations for every group in part.   
 
 
Table 1 
Antioxidant enzymes activities, lipids peroxidation level and proteins content in 
proteic extracts from liver 
C CX RX 
 U/mg 
prot. 
U/g 
tissue 
U/mg 
prot. 
U/g 
tissue 
U/mg 
prot. 
U/g 
tissue 
SOD 0,26 32 0,22 31,94 0,26 44,83 
Catalase 1,0 220 1,46 207,11 1,43 238,7 
MDA 10,1 1550 5,6 792,41 7,10 1184,3 
Total proteins mg / g tissue 138,5 141,48 166,66 
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Table 2 
Antioxidant enzymes activities, lipids peroxidation level and proteins content in 
proteic extracts from skin 
C CX RX 
 U/mg 
prot. 
U/g 
tissue 
U/mg 
prot. 
U/mg 
tissue 
U/g 
prot. 
U/g 
tissue 
SOD 2,7 39,0 2,45 40,09 2,6 35,0 
Catalase 3,0 71,0 7,50 122,51 4,72 63,4 
MDA 60,1 850,5 51,3 837,25 38,7 520,47 
Total proteins mg / g tissue 14,50 16,32 13,43 
  
 As it results form the chart 1, at the hepatic tissue level the supplementation with 
canthaxanthine of the rats' diet does not produce modifications in the SOD activity but, in 
exchange, it lowers the catalase activity. On the other hand, the rhodoxanthin induces a 
growth of antioxidant enzyme activity. This modification could be noticed for SOD and for 
catalase. We can also observe that the supplementation with carotenoids of the diet has a 
benefice effect, leading to a growth of the antioxidant activity. In this case, the data we've 
obtained show that the rhodoxanthin influences the catalase activity more powerful. 
 At the skin level, the variations that appear in the enzymes antioxidant activity were 
different comparative to the ones observed at the liver's level. In comparison with the control 
lot, whose diet war normal, the supplementation of the food with canthaxanthin leads to an 
accentuated raise in both SOD and catalase activity. In exchange, it looks that the 
administrated rhodoxanthin in the food inhibits the SOD activity and does not modify the 
catalase activity. 
 The carotenoids are located in different organs and are also present at the skin level. 
The presence of those pigments in the epidermis it's very important because they can protect 
this tissue against the noxious UV radiations actions and, in this way, can prevent the 
development of skin cancer [17, 18].So, the administrated carotenoids in the diet have 
differently influenced the enzymatic antioxidant activity at the tissues level of the analyzed 
tissues: the canthaxanthin activates the enzymes at the skin level, while the rhodoxanthin 
activates them at the hepatic level. 
 The antioxidant enzyme activity decrease has as a result the accumulation of anionic 
radical superoxid and peroxide of hydrogen in the analyzed tissues, resulting a persistent pro-
oxidant state at the cellular level, favouring the installation of the oxidative stress. From the 
experimental point of view, in the oxidative stress, besides the decrease of the antioxidant 
enzymatic and non-enzymatic activities, we can observe an increase of ROS concentration 
and also an increase of product results of lipids, proteins an nucleic acids oxidative 
degradation. It's very important to remark that the carotenoid pigments administrated in diet, 
protect lipids against oxidative processes at the tissues level. Because of lipophil properties, 
the carotinoids are present in animal organisms, especially in lipoprotein systems (LDL, 
vLDL) and in liver. The results of diet supplementation with this two pigments it increases 
their concentration in the liver and so, it increases the antioxidant capacity of this tissue. This 
fact was also demonstrated by the decrease of the lipids peroxidation level. 
 
CONCLUSIONS 
 
 Non-enzimatic antioxidant play an important role in the counteract of the harmful 
action of ROS. This molecules are easily oxidate in the presence of ROS and so, they protect 
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the organism's structural and functional components against oxidation. Canthaxanthin and 
rhodoxanthin administration positively influence the oxidative stress markers at cellular level.   
Diet rich in carotenoids have as effect a normalization of antioxidant enzymatic activity. 
Canthaxantin determinate a decrease of lipids oxidation level, thanks to the antioxidant 
properties. 
 This study demonstrates that carotenoid pigments whith retro structure acts as 
antioxidants, this activity being lower compared with similar carotenoids with normal 
structure. The carotenoids administration influences differently the activity of antioxidant 
enzymes in analysed tissues: canthaxanthin activates these enzymes at skin level while 
rhodoxanthin activates them at hepatic level. The antioxidant effect it's more obvious in the 
case of canthaxanthin, this pigment demonstrates a higher protecting effect on lipids 
compared with rhodoxanthin. 
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